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IlWRODUGSION.
In the development of hydro-electric power the 
importance of choice of location, detailed design of power plant, 
and market for pov;er must not be overlooked; nevertheless, the 
commercial success of such a plant depends very largely upon a 
determination of the proper amoxmt of power which m.ay be most 
economically developed. With this chief consideration in mind 
the writer has devoted his entire time in the preparation of 
this thesis to the determination of the minimum stream flow to 
be expected, the maximum storage available, the maximum 
continuous water power, the approximate annual cost of furnish­
ing different quantities of power, and a comparison of the most 
economical installation with an efficient steam pov/er plant of 
the same output. Ho detailed design should ever be attempted 
previous to a careful investigation such as indicated.
The writer wishes to acknowledge the use of 
much information and data from the thesis of Messrs. Stein and 
Sumay, ^ f ,
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DESCRIPTIOII OP RIVER:
There are three "branches of the Vermilion River,
Salt Pork with its source in Champaign County, Illinois,
Middle Pork with its source in Pord Coimty, and Rorth Pork with 
its source in Iroquois County. Salt Pork and Middle Pork join 
at a point about ten miles a"bove Danville, Illinois. The 
north Pork joins the other two at a point about one mile above 
Danville. The site of the proposed dam and power plant is 
about one-half mile above the junction of the llorth Pork with 
the main river. The Vermilion River, which is about eighty-five 
miles in length, flows in a general south easterly direction, 
emptying into the Y/abash River at a point about five miles 
east of Cayuga, Indiana. The drainage area above the site of 
the dam is about 1050 square miles. The slope for some ten 
miles above the dam is about four feet per mile.
STREAM PLOW:
Since stream measurements have never been made upon 
the Vermilion River it is necessary to estimate the probable 
stream flow from the measured run-off of some other stream, the 
drainage area of which is similar in nature and extent. The 
only stream suitable for such purpose is the West Branch of the 
White River of Indiana having a drainage area of 1520 square 
miles located approximately 100 miles east of the Vermilion River 
Mr. Stein made a very thorough investigation of the drainage 
areas of the two rivers and found the geological and topograph-
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ical conditions and the extent of cultivated and timbered land 
of both localities to be very similar. Under similar climatic 
conditions it is very likely that the run-off of both streams 
would correspond quite closely. In order to arrive at more 
definite conclusions it is advisable to investigate the rainfall 
on both drainage areas.
Rainfall data to be of much value must cover a long 
term of years. All the Available data to be found in the 
Monthly Reports of the United States leather Bureau is here 
presented. li/hile the records are somewhat incomplete and do not 
cover as long a period of time as desired, it is thought that 
they are of sufficient extent to be of some value for comparative 
purposes.
The monthly rainfall on the White River shov/n in 
Plates III and lY, pages 4 and 5, represents the average of 
recorded precipitation at Indianapolis, ilnderson, and Farmland.
The monthly rainfall on the Vermilion River represents the average 
of monthly precipitation at Hoopeston, Rantoul, Philo, Urbana, 
and Danville. The records for Hoopeston and Urbana do not begin 
until 1903 v/hile those of Danville are very incomplete. Since 
monthly variations are of no particular significance, Plate V 
has been prepared in order to show a comparison of rainfall by 
seasons. To aid still further in making comparisons Table I 
has been prepared which shows the number of times precipitation 
on the one drainage area exceeded that on the other. Wherever
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the variation is less than one inch the rainfall is considered 
equal.
Storage
Growing
Replenishing
lilay
TABLE II.
Enmher of Times lumber of Times lumber of Times 
Greater Rainfall Greater Rainfall Equal Rainfall. 
On Vermilion. On White.
8 80
8
3
3
3 
9
4
5
5
9
From a consideration of all the above data it is 
fairly certain that the total run-off of the White River is the 
larger, but the distribution may be such that there is a much 
greater flood flow v/hile the minimiim flow of both streams may 
be practically equal. Minimum flow depends quite largely upon 
ground water, but it is impossible to deduce by any mathematical 
law the extent of the drain upon ground v/ater. Extreme low 
flow may occur quite unexpectedly, due to a depleted ground water 
supply the extent of which cannot be ascertained. The higher 
rainfall occurring on the White River during the Replenishing 
and Storage Periods indicates a greater ground water flow but a 
large part of that precipitation is likely to appear as higher 
run-off at times of maximum flow. Again, the larger flow on the 
Vermilion occurring during the Growing season aids in sustaining 
stream flov/ during that season by counteracting the effect of 
high evaporation occurring at the same time. The precipitation
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for the month of May is quite uniformly the same on both drain­
age areas. The May rainfall is very Important in maintaining 
stream flow during the summer seasons.*
It must be remembered that large errors are likely 
to occur in registering and recording rainfall, also that 
exceedingly wide variations in rainfall do occur at points in 
comparatively close proximity and therefore the data compiled 
and shown in the foregoing plates is only indicative of the 
true rainfall on the entire area. Intensity, duration, and 
frequency of rainfall are large determining factors in the 
percentage of run-off likely to occur. Nevertheless, from the 
above discussion it seems fair to assum.e that the minimum run-off 
of the Vermilion equals that of the Fhite River.
Stream flow measurements to furnish a reliable basis 
for the determination of available water power should cover a 
long period of years but even records of two or three years 
duration are valuable. A station was maintained by the United 
States Geological Survey on the west Branch of the Y/hite River 
at Indianapolis, Indiana, from 1904 to 1905.** Mr. Stein prepared 
a hydrograph of the White River from these records. The true 
stream flow is twenty-five percent greater owing to a diversion 
of a portion of the river a short distance above Indianapolis.
*Geo. W. Rafter, U. S. Geol. Sur., W. S. & I. Paper #80.
**U. S. Geol. Sur., W. S. & I. Paper #128.
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The liydrograpli on Plate YI has "been prepared from that of the 
’>Thite River increasing the scale in cnhic feet per second per 
square mile hy tv/enty-five percent and multiplying hy 1050,
The year 1904 was a drought year throughout the Ohio 
valley. Referring to Plates III and IV, pages 4 and 5, it will 
be seen that very unusual rainfall conditions prevailed. There 
is no other year on record when the Replenishing period v/as so 
greatly delayed. It is therefore likely that such prolonged 
rainimiim flow will occur only at very infrequent intervals.
Prom the foregoing discussion it seems fair to make 
the follov;ing assumptions to be used in determination of water 
pov/er available on the Vermilion River.
1 . Minimum flow and the duration thereof is to be 
taken the same as shovm by the hydrograph for 1904 and as likely 
to occur once in ten years,
2. Comparing the hydrographs for each year the 
flov/ of 1905 seems somev;hat high to be taken as an average year. 
The hydrograph for 1905 will be taken as representative of five 
years out of ten. Pour years out of ten the daily minimium flow 
will be taken as equal to the average minimum flow of 1904 with 
a maximum duration of three months.
3. The maximum yearly flood flow as deteimined by 
Mr, Stein, will be taken at 15,000 cubic feet per second.
HEAD:
The height of dam is to be thirty feet thus permitting 
the use of flash-boards by means of v/hich the viator level may
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be raised five feet.
Prom the tail water curve Plate IZ, page 1 1, it is 
seen that the average head may he taken as 25 feet. Even though 
the head will he greatly reduced at times of flood flow, it 
will he possible to maintain an effective head on the turbines 
of at least 21 feet by installing Herschel’s head increaser. 
Assuming the coefficient in the Ghezy formula C =40, the depth 
of tail T/ater is found to be 5 feet during times of minimum flow 
which suggests the possibility of drawing the ¥/ater down below 
the crest of the spillway thus obtaining increased storage for 
the minimum year. By lowering the water 4 feet below the crest 
of the dam the head will not be decreased belov/ 21 feet even 
during the pealc load.
STORAGE:
Prom the map Plate Yii, the normal storage area is 
found to be 1720 acres. With 5 feet depth the storage is 8500 
acre feet and with 9 feet depth it is 15,500 acre feet. Table 
II shows almost at a glance the naximiom continuous flow that may 
be maintained when using all of the available storage. One 
cubic foot per second per day is taken as the equivalent of two 
acre feet. To obtain a flov/ of 133 cubic feet per second it is 
necessary to provide storage of 66 acre feet to supplement the 
natural flow of only 100 cubic feet per second for two days.
It is evident from this table that the maximum continuous flow 
which can be maintained during the driest year is betv/een the 
values 263 and 294.
11-
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TABLE II.
BAYS II ORDER OR DRYHESS EOR 1904.
Days
2
1
1
1
21
4 
42 
12 
29
5 
9 
7
Plow 
c.f,s.
100
135
147
159
174
195
207
220
232
246
263
294
Storage Required 
to Raise Prom 
Hext Lower Acre- 
Pt.
66
84
96
150
1090
720
1870
2100
3170
4000
7880
Total 
Storage 
Acre - Pt.
66
150
246
396
1486
2206
4076
6176
9346
13346
21226
The required storage is somewhat too high since 
no account has "been taken of the short periods of increased flow 
occurring in August and September.
The period of minimum flow extends from August 1st 
to December 24th, 1904. A very good check on Table II is 
furnished by considering the average daily run-off for each 
month of this period. These results are tabulated in Table III.
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TABLE III.
Average
Plow
Storage Required 
Continuous
to liaintain 
Plow.
c.f.s. 275 c.f.s. 280 c.f.s . 285 c.f.s
Axigust 271 840 1140 1440
Sept. 245 1700 2100 2400
Oct. 230 2700 3000 3300
llov. 206 4140 4440 4740
Dec. 1 to 24 180 4560 4800 5040
Total Acre Peet ---  13940 15480 16920
TaLle III shows that it will he possible to 
maintain a continuous flow during the driest year not to exceed 
280 cubic feet per second. The storage is ample to provide for 
any possible variation in demand throughout the day caused by 
peak load.
POWER:
Assuming a hydraulic efficiency of seventy-five
percent and generator efficiency of ninety percent the maximum
continuous power available is 280 x 25 x .75 x 90  ^ggQ ^ -p
8.8
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GOST OP P017ER:
Plates X and XI, pages 14 and 15, show the load 
curve of a typical city of 40,000 polulation, Phe machinery has 
been selected to fit these load curves.
The auxiliary plant is intended for continuoiis 
operation during the season of minimum flow leaving the turbines 
to take care of the peak load. The auxiliary pov/er of the 1000 
horse power plant will operate on an average of tV;o months per 
year. In each period of ten years it will be needed for five 
months one year, three months each year for four years, and 
not at all dtiring five years, or approximately an average of 
two mnnths each year.
The auxiliary power of the 1500 horse power plant 
will not be needed during the winter season of about four months. 
Every year 500 horse power v/ill be needed for eight months, four 
years out of ten, 1000 horse po?/er will be needed for three 
m.onths, and one year out of ten 1000 horse power will be required 
for five months, or an average of 1000 horse power for five 
mionths each year.
The estimates of the cost of power have been made 
using average costs for the various classes of installation and 
it is believed that they are sufficiently acctirate for compara­
tive purposes, ’llhile the average prices for engines, boilers,
and generators may be obtained quite easily, the writer has
similar
been unable to find aii^/infoimiation concerning turbines. The 
bid prices on the turbines installed at lockport, Illinois, may
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be foimd in the Proceedings of the Board of Trustees of the 
Sanitary District of Chicago, Since those turbines were 
designed to operate under thirty percent higher head than is 
available at Danville it is necessary to assume a higher cost 
per horse power. The cost will also be higher on the 
installation of a small plant v/here competition is much less 
keen. Therefore the cost of turbines per horse power has been 
assumed approximately twice the average of bid prices on the 
Lockport turbines.
The cost of coal in Danville is about $1,00 per 
ton. The cost per ton delivered at the site of the dam is 
taken at $1.50 on account of the location of the plant and 
irregular demand for fuel. A v/ater rate of 30 pounds of steam 
per indicated horse power has been assumed for the engines of 
the a^^xiliary plant and on evaporation of 6 pounds of water per 
poimd of coal.
Por the steam plant of 1000 horse pov/er, machinery 
of high efficiency has been selected. A water rate of 16 pounds 
of steam per indicated horse power and an evaporation of 6 l /2  
pounds of water per pound of coal has been used in making 
estimates.
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HYDRO-ELECTRIC PIAITT OF 500 AVERAGE COHTIITUOUS HORSE POWER.
I. CAPITAL COST.
1 . Land - 1720 acres at #100 #172,000
Dam - Tainter Gates,
Fishway, etc. complete 17,700
PoT/er House Concrete, 25' x 40 Foot. 
15gf per cu. ft, capacity 7,500
2. Pole Line, 1 l /2 miles in length
53 poles 35' long at #5.50 ea. 291
Creosoting at #1 .0 0 ea. 53
159 Insulators for 2300 volts,#5 per 100 8
53 Cross Arms at 25^ each 14
Gaining Poles, 25g^  each 14
Post Holes, 20^ each 11
Setting Poles 24
Teaming, 4 poles per load 4
Stringing and tieing wire, #10 per mile 15
4 Wooden Towers, #20 each 80
Cost of Line Exclusive of Copper 514
4 1 /2  miles Ho. 000 Wire,2582 Ihs. per 
mi., 12100 lbs. 18^ 2170
3. 4 A.C. Gen. 250 K.W. 2300 V.
C = 8.3 X 250 + 297000 104.00
225
2 D.C. Exciters 25 K.W. #315 each 630
11030 199884
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4.
1.
Brought Forward -----------
4 Turbines 400 H.P. §8 per H.P,
2 Turbines 40 H.P. $9 per H.P.
6 Governors ^600 each 
1 Crane, 6 ton
Sv/itchboards, §5 per K.W.
TOTAL GOST OF PLAHT
II. AHIIU.il COST.
Fixed Charges
Interest on Investment at 4^
11,OSO 
12,800 
720 
5.600
199.884
Taxes on Land at.5%
Taxes and Insurance on Bizildings, 
Equipment on $62,000
Depreciation on Buildings at l/o
Depreciation on Turbines and Generators,
Depreciation,Pole Line and Misc., 3^
Total Fixed Charges
2fo
9,470
860
620 
75 
550 
270
2 . Operation
1
2
Lineman at $75
Operators at $90 and $60 each
Repairs to Ife.chinery and Buildings, 
Supplies, etc.
Total Cost of Operation
Total Anniial Cost
900
1,800
900
28,150
1,500
5,000
234,534
11,845
5.600
15,445
Cost per H. P. per annum = $30.9
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HYDRO-ELECTRIC P L M T  OP IDOO AVERAGE COHTIJIUOUS HORSE POWER.
I. CAPITAL COST.
1. Land 172,000
Dam-Tainter Gate, Pislivmy, etc. 17,700
Power House, 50* x 90’, 12^ per ou. ft.
capacity 18,900
2 . Pole Line Exclusive of Wire 514
4 1 /2 miles copper cable, 24200 lbs. 185^ 4.340 4,854
S. 5 A.C. Gen. 375 K.W. 2S00V. |4250 ea. 21,200
2 D.C. Exciters 60 E.W. §900 ea. 1,800
5 Turbines 594 H.P. 24,000
2 Turbines 95 H.P. 1,700
7 Governors at $900 ea. 6.300 55,000
1 Travelling Crane 10 ton 2,100
i  Switchboards 1875 E.W.
i
9,400
i
4. Auxiliary Plant
Boiler House 50* x 60*
10 4 pei* CU-* ft. capacity 4,500
4 Boilers and Settings 175 H.P.
C = 100 + 6.5 X 175 = $1240 4,960
Piping 500 5,460
2 Simple High Speed Engines 500 H.P.
C = 300 + 8 X 500 = $4300
8,600
Settings. C = 60 + .75 x 500 = §435 870
9,470
289,914
-El-
Brought forward ---------- - 9^470 E89,914
1 5 ’ Pan 500
1 High Speed Engine 10 H.P. 400 10,370
Peed Water Heater and Pumps 700
Total Cost of Plant 300,984
II. AHIIUAI COST
1 . Fixed Charges
Interest on Investment, IE,000
Taxes on land 860
Taxes and Insurance on Buildings, 
Equipment l)o 1,E50
Depreciation on Buildings 1$) E34
Depreciation on Tm-hines and 
Generators zio 1,100
Depreciation on Engines 515
Depreciation on Boilers 5/^ E70
Depreciation on Pole line 
and Switchboards Tffo 580
Total Fixed Charges 16,809
E. Operation
1 Lineman at $75 900
E Operators at $90 E160
E Operators at $60 1440
E Firemen at $75 for two months 300
Repairs to Machinery, Buildings, etc. i2^0 2EE0
Coal E070 tons at $1.50 3105
Total Cost of Operation 
Total Annual Cost 10,1E5E6,934
Cost per Horse Power per Annum = $E6 .9
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HYDRO ELECTRIC PLjUTT OP 1500 AVERAGE C0HTI1IU0U3 HORSE P017ER.
I. Capital Cost.
Land
Dam- Painter Gates, Fishway, etc.
Pov/er House, 60 ft x 120 ft
Pole line Exclusive of Copper 514
4 1 /2 miles Copper Cable 36,300 Ids. 18^ 6510 
4 A.C. Gen. 175 E.W. 2300 V. #75 ea. 30000
4 Turbines 1250 H.P. 40000
2 Turbines 125 H.P. 2000
6 Governors ^^1200 each 4800
2 D.C. Exciters 80 K.W. 2500
1 Travelling Crane 15 ton 
Switchboard 3100 Z.W.
Auxiliary Power 
Boiler House
6 Boilers v;ith settings 200 H.P.
#1400 ea. 84Q0
Peed water heater and pumps 3000
Piping 500
2 Simple low speed engines 1150 H.P. 26000
Settings 4000
8 ’ fan 800
1 High speed engine 25 H.P. 500
Total Cost of Plant
172,000
17,700
40,000
7,014
79,300
3.000 
15,500
8.000
11,900
31.300
385,714
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II. AinroiDL COST.
1, Fixed Charges
Interest on Investment at 4>o 15,400
Taxes on Hand 860
Taxes and Insurance on Buildings, 
Equipment, etc. 2,120
Depreciation on Buildings 480
Depreciation on Turbines 
and Generators 2/S 1,580
Depreciation on Engines 5^ 1,560
Depreciation on Boilers 5^ 600
Depreciation on Other 
Electrical and Mechanical 
Equipment zio 550
Total Fixed Charges 23,150
2 . Operation
1 Linemen and 4 Operators 4,500
4 Firemen, 8 months at $75 2,400
Repairs to Machinery, Buildings, 
etc., at Zio 3,880
Coal 8300 tons at $1.50 12.500
Total Operating Expenses 23,280
Total Annual Cost 46,430
Cost per Horse Pov/er per Annum = $31
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SSEilM PLAIT OP 1000 AVERAGE COITIIIUOUS HORSE PO^VER.
I. GAPIT/Ji GOST
Land 5000
Engine Room 8000
Boiler R0091 6000
2 Hor, Comp. Slow Speed Engines 600 
C = 12.5 X 600 + 3312
H.P.
21,600
Setting 128 x 600 + 562 2,100
2 Engines 825 H.P. 27,200
Settings 2.675
53,600
2 A.C. Gen. 400 E.W. 2300 V. with exciters 
G = 11 X 400 + 216000 = 6150 
; 125
i 2 Gen. 550 E.W.1
12,300
15.600 27,900
6 Water Tube Boilers 250 H.P. 
G = 500 + 9.2 X 250 16,800
Settings C = 400 + 0.8 x 250 3.600 20,400
Surface Condenser with Pmnps 7,600
Switchboard 1900 E.W. 9,500
Stack 150 ft. high, 8 ft. diam. 6,000
Peed Heater and Pumps 3,000
Pipe 12.000
Total Cost 159,000
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AllilUiil, COST
1. Fixed Charges
Interest on Investment at 4^ 6,260
Taxes and Insurance zio 3,130
Depreciation on Buildings
and Chimney 200
Depreciation on Engines 2 l/zfo 1,340
Depreciation on Generators Z$ 560
Depreciation on Boiler 2 l/Z$ 510
Depreciation on Switchboard 285
Depreciation on Condensers
•
sfo 230
Depreciation on Heaters 3% 90
Depreciation on Piping Sfo 360
Total Fixed Charges 12,965
2, Operation
2 Operators at $90 2,160
2 Operators at $60 1,440
S Firemen at $55 2,340
Repairs, Buildings, and Equipment Zfjo 2,960
Oil and Waste 3,000
Coal 11,700 tons at #1.00 11.700
Total Operating Expense 23,600
Total iinnual Expense 36,565
Cost per horse power per annum = $36.5
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COITGIUSIOIT.
For convenience in making comparisons the annual 
cost of producing power has been tabulated.
TABLE IV.
500 H. P. Hydro Electric Plant 
1000 H. P. Hydro Electric Plant 
1500 H. P. Hydro Electric Plant 
1000 H. P. Steam Plant
Cost per H.P. 
Per Annum.
^ 30.90
26.90
31.00
36.50
Cost per 
K.W. Hr.
$ 0.00472
0.00411
0.00473
0.00557
The results do not indicate conclusively that the 
1000 H. P. hydro-electric plant v/ould be the most economical 
installation. Closer investigation might show that 800, 900, 
1100, or 1200 H.P. could be developed somewhat more economically 
but it is not likely. If the land can be bought for the price 
assumed, it is believed that a hydro-electric plant of 1000 
average continuous horse power will be a paying investment.
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